ABSTRACT -Dietary fiber, maintaining the gut environment, contributes to better lung function among smokers. This study was aimed to investigate the role of dietary fiber on the anti-oxidant capacity and gut environment during exposure to cigarette smoke. The anti-oxidant capacity as well as caecal levels of organic acids and population of micro-flora in the gut was measured after 4 months' exposure to cigarette smoke in mice (C57BL/6NcrSlc) fed with a cellulose-free diet. Animals were divided into control diet (AIN-93G)/non-smoke, cellulose-free diet/non-smoke, control diet/smoke, and cellulose-free diet/smoke groups. The anti-oxidant capacity in plasma was significantly suppressed by the cellulose-free diet in the non-smoke exposed mice. The suppression in the anti-oxidant capacity further declined following exposure to cigarette smoke. Both these changes in the anti-oxidant capacity were accompanied with changes in some organic acids levels in caecal contents. The anti-oxidant activity was significantly inversely correlated to succinic acid / acetic acid levels balance in caecal contents. In conclusion the cellulose-free diet suppressed the anti-oxidant capacity in mice, and the suppression further decreased by exposure to cigarette smoke. These changes in the anti-oxidant capacity may be related with changes in the gut environment.
INTRODUCTION
Chronic obstructive pulmonary disease (COPD) is a progressive disease mainly caused by cigarette smoke. There is no consensus of prophylaxis for progression of COPD except for cigarette smoke cessation (Scanlon et al., 2000) . Recently, some epidemiological studies demonstrated that dietary fiber mitigated cough and sputum in smokers and second hand smokers (Butler et al., 2004; David et al., 2005; Butler et al., 2006) . Moreover, it has been demonstrated that intake of dietary fiber was associated with a better lung function and reduced prevalence of COPD (Kan et al., 2008) . These reports speculated that these effects may partially come from anti-oxidant capacity by dietary fiber (Eastwood, 1999; Larrauri et al., 1996) . However, it has not been elucidated how dietary fiber changes the anti-oxidant capacity during exposure to cigarette smoke. In addition to the anti-oxidant activity, dietary fiber is crucial in maintaining the gut environment. Dietary fibers pass through the small intestine without being digested, and then are metabolized to organic acids by micro-flora in the large intestine (Roediger, 1980) . In particular, acetic acid, propionic acid and butyric acid, which are short chain fatty acids (SCFAs) in organic acids, are absorbed via the colon mucosa and are utilized not only as a mucosa energy substrate but also as systemic energy sources (Roediger, 1980) . Not only the energy substrate for intestinal mucosa, but also the SCFAs have an inhibitory effect on the growth of a pathogenic bacillus in the gut (Sugawara et al., 2006) .
In patients with ulcerative colitis (UC), an inflammatory bowel syndrome (IBS), the organic acid levels in the gut are changed (Vernia et al., 1988) , while UC has been recognized as a systemic disease based on systemic inflammation (Zilberman et al., 2005) . In severe UC, anti-oxidant capacity is decreased, contributing in turn to increased systemic oxidative stress (D'Odorico et al., 2001; Koutroubakis et al., 2004) . The changes of proportion in organic acids in the gut are thought to be closely related with not only the inflammation in intestinal mucosa but also systemic effects in UC (Rodriguez-Cabezas et al., 2003) . Recently, our study has demonstrated that cigarette smoke exposure to rats for 4 weeks altered the gut environment (Tomoda et al., 2011) .
In this study we hypothesized that the changes in antioxidant capacity by dietary fiber may be partially related with those in organic acids levels in the gut environment. In this context, we investigated whether a cellulose-free diet changes the anti-oxidant capacity and organic acid levels and the population of micro-flora in the gut in mice exposed to cigarette smoke to clarify the role of dietary fiber on anti-oxidant capacity and organic acids levels in the gut during exposure to cigarette smoke.
MATERIALS AND METHODS

Animals and diets
Twelve-week-old, male C57BL/6NcrSlc mice purchased from Japan SLC, Inc. (Shizuoka, Japan) were used for the cigarette smoking experiment after preconditioning for two weeks. The animals were fed with AIN-93G (Oriental Yeast, Co., Ltd., Tokyo, Japan) or the cellulosefree diet and water ad libitum throughout the preconditioning and the experimental period in the laboratory animal research center at Nara Medical University. They were kept in a limited-access barrier housing maintained at a room temperature of 22 ± 1°C, with the humidity level at 55 ± 10%, and a 12-hr light/dark cycle, the illumination extending from 08:00 to 20:00. All procedures performed during these animal experiments were carried out under the control of our committee, in accordance with The Guidelines for Animal Experiments in Nara Medical University, and Guiding Principles for the Care and Use of Laboratory Animals approved by The Japanese Pharmacological Society.
The animals were separated into the 4 groups as follows: non-smoking group fed with the control diet (AIN-93G), non-smoking group fed with the cellulosefree diet (cellulose-free AIN-93G), smoking group fed with the control diet and smoking group fed with the cellulose-free diet.
The cellulose-free AIN-93G, in which cellulose in the AIN-93G contents was replaced quantitatively with sucrose, was prepared as the cellulose-free diet (Table 1) . The quantitatively replaced sucrose, which is all digested in the small intestine, has only few effects on the production of organic acids in the large intestine and permeability of the intestine.
Method of cigarette smoke exposure
The animals were compulsorily exposed to cigarette smoke using a tobacco smoke exposure apparatus (MIPS, Inc., Osaka, Japan) based on the method of Tomoda et al. (2011) . All smoke exposure experiments were carried out using filtered tipped Long Peace cigarettes (Japan Tobacco Industry Co., Ltd., Tokyo, Japan), the nicotine and tar contents of which are 2.3 mg and 28 mg per cigarette, respectively. The animals (fed with the control diet n = 5, with the cellulose-free diet n = 4) were exposed to smoke from 30 cigarettes for 20 min between 08:00 and 10:00 A.M. for 5 days a week, (Monday to Friday). The ten animals (fed with the control diet n = 5, with the cellulose-free diet n = 5) in the non-smoking group were also kept for 20 min in the apparatus holders.
Smoke was generated by inhaling the fired cigarette with compressor in the apparatus. The generated smoke was mixed with 7 volumes of air and the mixture was used as exposed smoke. The smoke was moved via a soft flexible tube from the apparatus to a chamber connected with holders in which 9 animals were kept separately. 2 sec of the smoke, followed by 2 sec of air was inhaled to each animal via their noses at a rate of 15 puffs per minutes.
The body weight change was recorded during the experimental period. The animals were decapitated under anesthesia by an intraperitoneal injection with sodium pentobarbital (50 mg/kg) 24 hr after the last cigarette smoke exposure, and anti-oxidant capacity in the plasma and the gut environment were evaluated.
Total anti-oxidant capacity in plasma
The systemic anti-oxidant condition was indirectly evaluated by measuring total anti-oxidant capacity in plasma using the OXY-adsorbent Test (OXY Diacron, Grosseto, Italy) in a plasma sample (Cesarone et al., 1999; Vassalle et al., 2008) . This test is based on the capacity of hypochlorous acid (HClO) to oxidize the physiological antioxidants. Total anti-oxidant capacity can be obtained by evaluating the capacity to inactivate the oxidant solution (HClO) added in excess to the sample. As HClO reacts with a chromogenic substrate (N, N-diethylparaophenylendiamine), a colored complex develops that can be measured photometrically. The spectrophotometric measurement was determined within 1 min of incubation at room temperature, at a wave length of 540 nm. The concentration of the colored complex was directly proportional to the concentration of HClO and indirectly proportional to the anti-oxidant capacity. The results were expressed as μmol of HClO consumed by 1ml of sample (μmol HClO/ml).
Duration of smoke exposure
We have reported that a significant decrease in body weight gain and an increase in antioxidant capacity after 4 weeks' exposure of cigarette smoke to rats (Tomoda et al., 2012) . To investigate the effects on the antioxidant capacity, more than 4 weeks' exposure is needed. Moreover the non-exposed mice with control diet were not able to be inserted into the holder for their body size beyond 4 months after the exposure was started. For these two reasons the animals were exposed to cigarette smoke during four months.
Quantitative analysis of organic acids in caecal contents
The examination of organic acids in caecal contents was performed according to the previously reported method (Asahara et al., 2001) . Briefly, after cigarette smoke exposure for four months, caecal contents were obtained from mice after sacrifice. The caecal contents were homogenized in 1 ml of distilled water, and homogenate was centrifuged at 13,000 x g at 4°C for 10 min. A mixture of 0.9 ml of the resulting supernatant and 0.1 ml of 1.5 mol/l perchloric acid in a glass tube was mixed well and allowed to stand at 4°C for 12 hr. The suspension was then passed through a filter with a pore size of 0.45 μm (Millipore Japan Ltd., Tokyo, Japan). The sample was analyzed for organic acids by high-performance liquid chromatography, as described in a previous report (Kikuchi and Yajima, 1992) . The high-performance liquid chromatography was performed with a Waters system (Waters 432 Conductivity Detector; Waters, Milford, MA, USA) equipped with two columns (Shodex Rspack KC-811; Showa Denko Co. Ltd., Tokyo, Japan). The concentrations of organic acids were calculated using external standards, and the reproducibility and stability of these measurements have been reported (Kikuchi and Yajima, 1992) .
Examination of caecal bacterial flora
The examination of caecal bacterial flora was performed according to previously reported method (Asahara et al., 2001) . Briefly, caecal contents were obtained from the killed mice. One gram of caecal contents was placed in grinding tubes containing 1 ml of sterilized anaerobic transfer medium, and then homogenized with a Teflon grinder. After serial dilution of the caecal suspensions with an anaerobic buffer solution, 50 μl or 500 μl portions of the diluents were spread onto the following culture media (agar plate: 50 μl, roll tube agar: 500 μl). Heart infusion agar, supplemented with 0.2 mg/ml neomycin (Sigma, St Louis, MO, USA), 0.01% (w/v) brilliant green, 0.1% (w/v) sodium taurocholate, 0.03% (w/v) L-cysteine hydrochloride, and 5% (w/v) defibrinated horse blood (modified NBGT agar), was used for selective isolation of the Bacteroidaceae. CPLX agar was used for selective isolation of Bifidobacterium. LBS agar (Becton Dickinson and Company, Cockeysville, MD, USA), supplemented with 0.8% (w/v) Lab Lemco powder (Oxoid Ltd., Basingstoke, UK), 0.1% (w/v) sodium acetatetrihydrate and 0.37% (w/v) acetate, was used for selective isolation for Lactobacillus. COBA agar was used for selective isolation for Enterococcus. DHL agar (Nissui Pharamaceutical Co., Ltd., Tokyo, Japan) was used for selective isolation for Enterobacteriaceae. Staphylococcus medium No. 110 agar (Nissui Pharmaceutical Co., Ltd.) was used for selective isolation for Staphylococcus and Bacillus. VL-G roll tube agar supplemented with 0.2% (w/v) cellobiose and 0.2% (w/v) maltose (modified VL-G roll tube agar) was used for determination of total anaerobic counts. Modified NBGT agar, CPLX agar, and LBS agar were cultured under anaerobic conditions in an atmosphere of 7% H 2 , 5% CO 2 in N 2 at 37°C for 72 hr. After incubation, the colonies on the plates were counted and Gram stained. Species and biotypes of the bacteria were identified with API systems (bioMerieux S.A., Montalieu-Vercieu, France): rapid ID 32 A for the Bacteroidaceae and Lactobacillaceae, API 20 STREP for the Enterococcaceae, API 20 E for the Enterobacteriaceae and API 20 STAPH for the Staphylococcaceae. The lower limit of bacterial detection with this procedure was 100 cfu/g caecal contents.
Scanning for anaerobic fujiform bacteria was carried out by microscopic bacterial counts. For quantification, 10 μl portions of the diluents were put into a 10-well immunofluorescent slide (Flow Laboratories, Inc., McLean, VA, USA), fixed and Gram-stained. Fujiform bacteria were counted with the aid of an ocular grid containing 100 squares (calibrated with a stage micrometer), a 100 × objective, and a 10 × ocular lens. Acceptable slides considered for analysis had to meet the following two criteria. (i) The bacteria appeared to be evenly distributed, and (ii) the number of bacteria per 100 grid squares was between 20 and 300. Counts were made in 10 fields chosen randomly.
The number of viable bacteria per gram wet weight caecal contents was calculated. The lower limit of bacterial detection with this procedure was 100 cfu/g caecal contents. Results were expressed as means ± standard deviation (S.D.) numbers of cfu per 1 g of caecal contents.
Statistics
Comparisons of parameters between the two groups were made by Mann-Whitney U test. A p value less than 0.05 was considered to indicate a statistically significant difference. Comparisons of body weight between the two groups were performed with two-way analysis of variance.
RESULTS
Changes in body weight of each group during the entire experimental period Figure 1 shows changes in body weight during cigarette smoke exposure. Cigarette smoke significantly inhibited body weight gain in both groups fed with the cellulose-free diet and the control diet from the fourth week of the experimental period (p < 0.05). In the smoking groups the decrease in body weight gain was accelerated by feeding with the cellulose-free diet from the 11th week of the experimental period p < 0.05 . However, in the nonsmoking groups there was no significant difference.
This result suggests that there was no significant effect of the replaced sucrose in the cellulose-free diet on calorie balance during this experimental period. Figure 2 shows the anti-oxidant capacity in plasma after cigarette smoke exposure for four months. The antioxidant capacity in animals fed with the cellulose-free diet was significantly lower than those fed with the control diet in both the non-smoking groups (390.8 ± 38.7 vs. 297.0 ± 64.1μmol/ml, respectively, p = 0.047) and the smoking groups (404.6 ± 17.5 vs. 209.8 ± 31.2 μmol/ml, respectively, p = 0.014). The suppression in the antioxidant capacity in the cellulose-free diet was further decreased by cigarette smoke (297.0 ± 64.1 vs. 209.8 ± 31.2 μmol/ml, respectively, p = 0.014), however in the control diet groups cigarette smoking tended to increase the anti-oxidant capacity (390.8 ± 38.7 vs. 404.6 ± 17.5 μmol/ml, respectively).
Effects of the cellulose-free diet on the anti-oxidant capacity
Based on these results at first we investigated independent effects by cigarette smoke and the cellulosefree diet on the organic acid levels, pH and population of micro-flora in caecal contents. After these investigations, the additive effects of cigarette smoke on these changes by the cellulose-free diet as well as those of cellulose-free diet on these changes by cigarette smoke were investigated.
Changes in organic acids levels and pH in caecal contents
The independent effects of cigarette smoke and the cel- Isobutyric acid 4.7 ± 2.7 4.1 ± 2.9 8.3 ± 5.8
Valeric acid 7.2 ± 4.3 3.6 ± 1.5 3.1 ± 4.3
Isovaleric acid 6.5 ± 2.1 3.9 ± 2.2 3.7 ± 3.3
Succinic acid 1.8 ± 2.0 1.1 ± 0.8 15.6 ± 9.7 § pH 7.2 ± 0.3 7.6 ± 0.3 6.9 ± 0.3 (μmol/g caecal contents) Each point indicates the mean ± S.D. of 5 animals. #p < 0.05, § p < 0.01: signifi cant relative to control by the Mann-Whitney U test. Vol. 37 No. 3 lulose-free diet on the organic acids levels and pH in caecal contents are shown in Table 2 . Cigarette smoke significantly increased acetic acid levels (52.7 ± 7.2 vs. 65.8 ± 12.2 μmol/g caecal contents, respectively, p = 0.028) and significantly deceased propionic acid levels (19.0 ± 1.6 vs. 15.4 ± 2.5 μmol/g caecal contents, respectively, p = 0.028) while the cellulose-free diet significantly increased succinic acid levels (1.8 ± 2.0 vs. 15.6 ± 9.7 μmol/g caecal contents, respectively, p = 0.009) and significantly decreased propionic acid levels (19.0 ± 1.6 vs. 14.7 ± 3.2 μmol/g caecal contents, respectively, p = 0.028). On exposed to cigarette smoke, the cellulose-free diet significantly decreased acetic acid levels (65.8 ± 12.2 vs. 45.5 ± 4.6 μmol /g caecal contents, respectively, p = 0.014) and significantly increased isovaleric acid levels (3.9 ± 2.2 vs. 7.5 ± 1.1 μmol/g caecal contents, respectively, p = 0.014) (Table 3) , while on the cellulose-free diet, cigarette smoke induced a significant decrease in acetic acid levels (72.1 ± 15.2 vs. 45.5 ± 4.6 μmol/g caecal contents, respectively, p = 0.014) and elevated the pH of caecal contents (6.9 ± 03 vs. 7.6 ± 0.2, respectively, p = 0.028) (Table 4) .
Relationship between the anti-oxidant capacity and succinic acid / acetic acid balance in the caecal contents
The anti-oxidant capacity in plasma was significantly inversely correlated to the ratio of succinic acid levels to acetic acid levels in the caecal contents (r = 0.687; p = 0.0012) as shown in Fig. 3 . This result suggests that systemic anti-oxidant capacity may be closely related to proportion of organic acids especially succinic acid/acetic acid balance in the gut.
Changes in the population of micro-flora in the caecal contents
The independent effects of cigarette smoke and the cellulose-free diet on the population of micro-flo- Table 5 . Cigarette smoke tended to decrease the population of Bifidobacterium (6.0 ± 0.3 vs. 5.3 ± 0.8 log 10 CFU/g caecal contents, respectively, p = 0.175), while the cellulose-free diet significantly decreased the population of Bifidobacterium (6.0 ± 0.3 vs. 5.0 ± 0.4 log 10 CFU/g caecal contents, respectively, p = 0.016) and tended to increase Lactobacillus (6.8 ± 0.5 vs. 7.5 ± 0.4 log 10 CFU/g caecal contents, respectively, p = 0.050 ) ( Table 5 ). On exposed to cigarette smoke, the cellulose-free diet tended to decrease the population of Staphylococcus (7.0 ± 0.1 vs. 6.6 ± 0.4 log 10 CFU/g caecal contents, respectively, p = 0.050) and inrease the population of Bifidobacterium (5.3 ± 0.8 vs. 6.2 ± 0.5 log 10 CFU/g caecal contents, respectively, p = 0.080) (Table 6) , while on the cellulose-free diet, cigarette smoke induced significant increase of the population of Bifidobacterium (5.0 ± 0.4 vs. 6.2 ± 0.5 log 10 CFU/g caecal contents, respectively, p = 0.020) ( Table 7) . 
DISCUSSION
This study demonstrated that the cellulose-free diet suppressed the anti-oxidant capacity in mice and that the suppression was exacerbated by cigarette smoke. Both these changes in the anti-oxidant capacity were accompanied with changes in the proportion of organic acids in the gut. This study is the first experimental report that supports the results of epidemiological studies about the beneficial effects of dietary fiber among subjects exposed to cigarette smoke. The most impressive finding in this study is that the suppression in the anti-oxidant capacity by feeding with the cellulose-free diet was further decreased by cigarette smoke while in the control diet group the anti-oxidant capacity tended to be increased by cigarette smoke. In smokers the anti-oxidant levels were elevated in serum and the lung. Erythrocytes from smokers contain more glutathione and catalase and protect endothelial cells from hydrogen peroxide (Toth et al., 1986) . Ascorbic acid levels in alveolar macrophages from smokers are increased (McGowan et al., 1984) . These anti-oxidant levels are suggested to increase to compensate for increased oxidative stresses by cigarette smoke. Cavarra et al. (2001) demonstrated that in mice, which Table 7 . Additive effects of cigarette smoke on changes in the population of micro-flora in caecal contents by the cellulose-free diet are sensitive to cigarette smoke and develop to emphysema by cigarette smoke, the anti-oxidant activity during exposure to cigarette smoke was decreased to about 70% of that of non-exposed mice while in resistant mice strains the anti-oxidant activity was increased during exposure to cigarette smoke. In patients with COPD the anti-oxidant capacity was decreased to about two-thirds of that of healthy control subjects (MacNee, 2005) . In the present study the anti-oxidant capacity in the smoke exposed mice with the cellulose-free diet was decreased to about a half of that in non-exposed mice with control diet. This result demonstrated that dietary fiber especially cellulose is a crucial factor in maintaining the anti-oxidant capacity to reduce oxidative stress due to cigarette smoke and preventing subjects exposed to cigarette smoke from developing COPD. This study did not fully clarify the mechanism how the anti-oxidant capacity was suppressed by the cellulosefree diet. Dietary fiber contributes to maintain the gut environment. In patients with IBS, alterations of organic acid levels and micro-flora population, and a decrease of the anti-oxidant capacity are reported. The changes in the gut environments supposedly contribute to systemic effects in IBS (Rodriguez-Cabeza et al., 2003) . Additionally, dietary fiber is known to contribute to maintaining the gut environment in a normal state. Given this background, we focused on alteration of the gut environment, especially changes in the proportion of caecal organic acids besides the anti-oxidant capacity. This study demonstrated that the cellulose-free diet suppressed the antioxidant capacity and the suppressed anti-oxidant capacity was further declined by cigarette smoke while under feeding with control diet cigarette smoke tended to increase the anti-oxidant capacity. Therefore, at first we investigated the independent effects of the cellulose-free diet and cigarette smoke on the organic acid pattern and pH. After these investigations the additive effects of cigarette smoke on the changes by the cellulose-free diet as well as those of the cellulose-free diet on the changes by cigarette smoke were investigated.
At first, in the non-exposed mice the cellulose-free diet significantly decreased propionic acid levels and significantly increased succinic acid levels in caecal contents. Succinic acid is seldom detected under normal fermentation in the large intestine (Morita et al., 1998) , because it is a typically intermediate metabolite and is quickly converted to propionate or acetate by acid-utilizing bacteria. However, an abnormal fermentation in the large intestine leads to succinic acid accumulation such as in short bowel syndrome, diarrhea and acute weaning diets (Tsukahara and Ushida, 2002) . On the other hand, it has been reported that succinic acid inhibited epithelial cell proliferation of colonic mucosa in rats and had cytotoxic effects on cultured cell lines (Inagaki et al., 2007) , and also caused lesions in ligated rabbit ileum loops resembling those of ulcerative colitis (Gaginella et al., 1977) . Increased succinic acid levels may contribute to alter the gut environment. Propionic acid is one of the short chain fatty acids and has some effects on the host. Dietary propionic acid decreases cholesterol levels, while enemas consisting of propionic acid, acetic acid and butyric acid improve ulcerative colitis (Patz et al., 1996) . However, the role of propionic acid has not been fully elucidated. In this study the suppressed the anti-oxidant capacity by the cellulosefree diet was further declined by cigarette smoke while under feeding with control diet cigarette smoke tended to increase the anti-oxidant capacity. Thinking of these results into changes in organic acids levels, acetic acid levels may be related to changes in the anti-oxidant capacity during the exposure to cigarette smoke, because cigarettes smoke under feeding with control diet increased the acetic acid levels while under feeding with the cellulosefree diet cigarette smoke decreased the acetic acid levels. Acetic acid is primarily utilized by intestinal epithelial cells as energy substrates (Clark et al., 2003; Goto et al., 2005; Oba et al., 2004) and contributes to maintaining the gut environment.
The anti-oxidant capacity in plasma significantly inversely correlated to the ratio of succinic acid levels to acetic acid levels in the caecal contents as shown in Fig. 3 . Changes in the gut environment especially proportion of organic acids may contribute to changes in the anti-oxidant capacity. To clarify the effect of proportion of organic acids on the anti-oxidant capacity further investigations are needed.
Another interesting result about the additive effects of cigarette smoke on the changes by cellulose free diet was an elevation in pH level in the caecal contents. The elevation in pH may be linked to a decrease in acetic acid levels (Shimizu et al., 2006) . The pH in the colon of patients with colonic cancer is more alkaline, indicating a reduction in colonic carbohydrate fermentation by organic acids (Fallingborg, 1999) . Cigarette smoke promoted growth of colon cancer in a mouse model (Wong et al., 2009) . The elevation in pH in the colon and the decreases in certain organic acids levels by cigarette smoke during feeding with the the cellulose-free diet may be related to the development and growth of colon cancer.
In this study the cellulose-free diet further reduced the decrease in body weight gain by cigarette smoke. In smoke exposed mice cellulose-free diet significantly decreased the acetice acid levels in ceacal contents.
Acetic acid is absorbed into hepato-portal flow to the liver and utilized as systemic energy sources. It has been reported that about 10% of systemic energy sources are obtained from organic acids in humans. In this study, cigarette smoke exposure deceased body weight gain. This effect of the cellulose-free diet on body weight gain during exposure to cigarette smoke may be related to a decrease in acetic acid levels in the caecum.
Although the present study did not elucidate how organic acid balance was changed, food contents, gut movement, population of micro-flora and fermentation of micro-flora et al. may contribute to changes in organic acid levels in the gut. In the present study we evaluated micro-flora in the caecal contents. The cellulose-free diet decreased propionic acid levels and increased succinic acid levels while the cellulose-free diet decreased the population of Bifidobacterium which produces mainly acetic acid, but the population of Bacteroidaceae, which mainly produces succinic acid, proved to be unchanged. Cigarette smoke increased acetic acid levels while cigarette smoke did not significantly change the population of the micro-flora. On exposed to cigarette smoke the cellulose-free diet decreased acetic acid levels and increased isovaleric acid levels while it did not significantly change the population of the micro-flora. With the cellulose-free diet cigarette smoke decreased acetic acid levels, while cigarette smoke increased the population of Bifodobacterium. Therefore, the changes in the organic acid levels in the present study were not able to be explained only by changes in the population of micro-flora. Other factors besides the changes in the population micro-flora in the gut, may contribute to connect with organic acid levels in caecal contents. Further investigations about the affects of the cellulose-free diet and cigarette smoke on fermentation of organic acids by micro-flora in the gut are needed to gain further insights into the changes organic acid levels in caecal contents by the cellulose-free diet and exposure to cigarette smoke.
One of the limitations of the present study is the small size of the animal groups. However, the anti-oxidant capacity remarkably decreased with statistical significance (390.8 ± 38.7 vs. 209.8 ± 31.2 μmol/ml, respectively, p = 0.0143). We therefore feel that the sample size of this study, although limited, is enough to provide the insight into the change in the anti-oxidant capacity by the cellulose-free diet and cigarette smoke.
In conclusion, the cellulose-free diet suppressed the anti-oxidant capacity in mice and that the suppression was further exacerbated by cigarette smoke. Both these changes in the anti-oxidant capacity were accompanied with changes in proportion of organic acids in the gut.
The changes in the anti-oxidant capacity by the cellulosefree diet and cigarette smoke may be related with changes in the gut environment.
